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Euronitrides II 
In the second part of European nitrides,
although not early players in the diode laser
field, European research has started to catch
up, with the first MOCVD diode laser results
from the Fraunhofer Institute in Freiburg.
More recently, the University of Sheffield
reported their first GaN laser (See Figure 1.
for a schematic) while Warsaw-based
TopGan manufactures commercial 405nm
(blue-violet) lasers.
In the field of MBE fabricated lasers Europe
appears to be leading the world with high power
MBE-lasers reported by two laboratories, Sharp
Laboratories Europe (SLE), based in the UK, and
Unipress based in Poland. SLE used low defect
level substrates (4E7 to 5E8 defects per cm²)
manufactured by Lumilog in France. Using similar
substrates, SLE has also produced the highest
power LEDs reported to date from an MBE
process.Additionally, the University of Bremen
has also joined the Euro-laser club using Lumilog
LED-quality free-standing GaN substrates.
Substrates
For quite some time, Poland provided the only
commercial producer of free standing gallium
nitride substrates in Europe, but recently, France
has also become a source of commercial wafers
made by Lumilog, a three year old French start-
up company located in Sophia-Antipolis (near to
Cannes).This company is a spin out from the
CRHEA-CNRS research laboratories, with a goal
to become Europe’s leading supplier of optoelec-
tronic and electronic wide-gap substrates. Last
year, it completed a second round of venture
financing from Banexi, Emertec and Sophia
Eurolab (for a total of 5.15m) and it is now a
well established substrate producer with over 60
customers worldwide offering GaN templates
and freestanding GaN wafers, which are pro-
duced by a combination of MOCVD and hydride
vapour phase epitaxy processes (HVPE).
The company offers a range of 2” diameter, low
defect level, GaN substrates (4E7 to 5E8 defects
per cm²) made by the MOCVD process. Lumilog
also supplies a range of academic users, such as
the Fraunhofer Institute, Universities of Bremen
Strathclyde and UC Santa Barbara, but many of
their commercial customers, although happy
with the results on Lumilog substrates, are not
ready to allow their results to be disclosed.
Late last year, the company introduced two 
classes of freestanding substrates (see Figure 2),
which have already had good user acceptance
a) a ‘laser’ quality wafer with typical defect levels
of 5E6 per cm² 
b) an LED quality wafer with typical defect levels
of 5E7 per cm² 
According to Lumilog, the ‘LED quality’ wafer is
currently attracting a lot of interest as a reason-
able cost substrate and has recently been used by
Hommel et al at Bremen as a freestanding sub-
strate for the fabrication of a diode laser. By mid-
2005, Lumilog plans to offer sample quantities of
semi-insulating GaN templates for the manufac-
ture of high frequency electronic devices.
At the University of Ulm, Habel et al, in conjunc-
tion with Aixtron in Germany, have been 
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Figure 1a: Sheffield Laser diagram
Courtesy: Sheffield University 
improving the quality of GaN templates
(Figure 2) and are now able to grow (in
the 1040 to 1075ºC range) thick HVPE
GaN layers with improved flatness using
2” MOCVD GaN on sapphire templates.
However, when GaN templates from dif-
ferent sources were used, the HVPE layer
quality showed a wide variation in quali-
ty, despite standard analytical methods
supporting their equivalence. Crack for-
mation has been controlled by the use of
a mixed hydrogen/nitrogen carrier gas,
for which a 50/50 mixture was found to
be the best compromise between the
growth rate and surface morphology and
also prevented surface crack formation.
When optimised templates were used,
very flat GaN wafer surfaces could be
obtained after growing up to140 microns
of GaN, with background carrier concen-
trations in the 5E15/cm³ range.
Off plane & low defects 
Habel and co-workers are also working
to reduce the defect levels in MOCVD
layers grown on non-c-plane GaN layers
by the inclusion of marker layers, such as
AlGaN or Si-doped GaN.These have led
to deve-lopment of the multi-step facet
assisted epitaxial layer overgrowth
(FACELO) process for electronic and
optoelectronic device substrates (see
Figures 3 and 4).
Using 2” FACELO templates, HVPE growth
layer thicknesses well in excess of 300nm
have also been achieved without cracks.
Marker layers (Si at 5E19/cm³ or AlGaN
with 10%) have been used to indicate the
different growth rates on different crystal
growth planes, without any apparent
effects on the growth properties and are
also a valuable tool for the development
of low defect density substrates.
The ability to grow nitride structures
away from the c-plane (0001) axis has
long been a tempting device alternative,
because of lower levels (or absence) of
piezo-electric fields than in III-nitride 
c-plane device structures. However, to
date, the concept has not provided an
easy route to commercial devices.
To develop non-c-plane growth surfaces,
Neubert et al from the University of Ulm
have grown triangular shaped stripes by
RIE etching of selectively spaced perpen-
dicular silicon dioxide stripes (200nm
wide) on1.5 micron thick GaN tem-
plates.The dimensions of these mask
openings ranged from 4 to 8 microns and
the mask periods from 6 to 300 microns.
Triangular shaped silicon doped GaN
facets were obtained with 11bar00 and
112bar0 orientated surfaces, which were
then used to grow 5-period InGaN QWs
by low pressure MOCVD.These InGaN
wells (with about 10% indium content)
were separated by10nm GaN barriers
and the final structure was capped by a
p-doped GaN layer. For comparison pur-
poses, similar undoped structures were
www.three-fives.com 27
Diode lasers I N D U S T R Y F O C U S
Figure 1b: Sheffield  laser  performance
Courtesy: Sheffield University
Figure 2: Lumilog free-standing GaN wafer. Courtesy: Lumilog
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also grown.The stripes between the narrower
mask dimensions developed trapeze-like cross
sections due to differential growth rates.
Cathode-Luminescence (CL) data measured from
the side facets by T Riemann et al (at Otto-von
Guericke-University, Magdeburg) indicated that
pn-junctions had been formed and that the
strong emission ranging from 375 to 415nm
(dependant on the stripe geometries) was attrib-
uted to lower piezo-electric fields being present
in these QWs.
For electroluminescence measurements the
structures were annealed for Mg activation at
800ºC for 10min. in nitrogen before the deposi-
tion of indium and nickel/gold (Ni/Au) elec-
trodes with a further 750ºC anneal after the
Ni/Au deposition.
LEDs that were produced on the stripes with tri-
angular facets, gave strong light emission, although
the indium and magnesium incorporation on the
side facets varied with the stripe direction and
were lower than in c-plane grown LEDs.
A red shift with increasing silica stripe width was
also observed.These results supported the fabrica-
tion of high output LEDs, but highlighted the diffi-
culties that exist, with active structures grown
(GaN/ InGaN) on non-c-plane Wurtzite surfaces.
GaN hetero substrates
The lure of larger silicon wafer sizes and lower
costs for the growth of III-nitride devices is
omnipresent, and Picogiga International, France,
has been active in Euronitride development for
years.The company uses an MBE process,
licensed from CNRS Laboratories, with the main
focus being the reduction of defect densities for
the commercial production of low defect level
epitaxial substrates.
Last year Picogiga reported development of AlGaN
HEMT on 4”wafers. Defects resulting from 30%
lattice mismatch had to be reduced, but wafers
with aluminium contents of up to 50% and Hall
mobilities at 1300 to 2100cm/Vsec are now avail-
able. Picogiga is now ramping up the MBE process
for production of ‘low defect level’ GaN on Si sub-
strates, with typical resistivities above 10E5Ω/ cm
and suitable for RFICs manufacture.
Other groups have also reported credible HEMTs
on these substrates, including Pavlidis et al at
Michigan University who reported power densi-
ties of 4W/mm at 2GHz, a transconductance of
340ms/mm, an IDSS current of 1.2 A/cm2 at satu-
ration with 50% power added efficiency (PAE);
and IEMN in France reported a power density of
1.8W/mm at 10GHz.TriQuint (Texas) reported
power densities of 7W/mm at 10GHz with 30%
PAE.
Since silicon is not expected to fill all future
requirements for engineered hetero-GaN sub-
strates,TriQuint has a road map using silicon on
poly-SiC for GaN wafers with better removal
properties.
This process is an adaptation of parent, Soitec’s
Smart Cut wafer, a silicon on poly-SiC product.
To complete its nitride package, Picogiga 
recently announced GaN epi-layers on Si for LED
production.
As a third generation product, it plans to offer
GaN epi in a semi-insulating GaN on poly-SiC
wafer, but this will need the development of
semi-insulating GaN layers.
The Euronitrides series continues next month...
Diode lasersI N D U S T R Y F O C U S
Figure 3: FACELO Micrograph. 
Courtesy: University of Ulm
Figure 4: Illustrating the layer growth process steps and regions. 
Courtesy: University of Ulm
